Doppler. As might be expected, the major limitation of this approach is "stitching" artefacts that are created when the subvolumes are not aligned. This occurs in two situations -firstly when the heart rhythm is irregular, e.g. ectopic beats or atrial fibrillation and secondly when there is significant translational motion of the heart with, for example, respiration or other patient movements.
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IntroductIon And technology overvIew
This article aims to give an overview of the applications of 3-D echocardiography in the assessment and treatment of valvular disease in adults in current clinical practice. There has been considerable evolution in technology since the initial description of three-dimensional (3-D) echocardiography several decades ago. (1) The first generation of 3-D probes performed gated acquisition with static rendering of images, but not in real time. The second generation did to an extent allow real-time imaging but the relatively low density of active elements (approximately 300) resulted in low sampling rate and compromise to image quality. Current 3-D probes, due to the high element count (>3000), deliver the high sampling rates necessary to achieve clinically useful real-time 3-D imaging with high image resolution and satisfactory frame rates.
Imaging in 3-D essentially involves the acquisition of a volume dataset over one or more heartbeats, depending on volume size. In "full-volume" acquisitions, typically four or more sub-volumes, are acquired with ECG gating and are stitched together to create a larger volume. This is used for larger structures, for example in assessment of left ventricular function and volumes. "Full-volume" acquisition can also be performed with colour Doppler to assess origin and shapes of flow jets in 3-D. This often requires more subvolumes and ECG-cycles (typically seven), and the total volume acquired is often smaller than the "full volume" without colour The mitral valve with its complex geometry comprising the annulus, leaflets and sub-valve apparatus is ideally suited to 3-D assessment.
The mitral annulus is saddle shaped, with high points at the anterior and posterior regions and low points at the leaflet commissures.
The posterior leaflet inserts into two-thirds of the mitral annular circumference, while the anterior leaflet is larger by area and approximately accounts for two-thirds of the total valve area.
The posterior leaflet is divided into 3 regions P1 (anterolateral), P2 (middle) and P3 (posteromedial), and the anterior leaflet is divided into opposing segments A1-A3.
mItrAl regurgItAtIon
Mitral regurgitation can arise from several mechanisms -classified by Carpentier. Type I -leaflet motion is normal, but regurgitation arises from reduced coaptation (e.g. mitral annular dilatation);
Type II -leaflet motion is excessive (e.g. myxomatous or flail leaflets); and Type III -leaflet motion is restricted (e.g. ischaemic papillary muscle dysfunction). Guidelines emphasise the benefits of valve preservation by repair on patient outcomes. Measurements can be made of segment prolapse or tenting in relation to the annulus. Suggested protocols for obtaining the surgical view and segmental analysis are summarised in Table 2 , while VALVE DISEASE AND 3-D EchocArDIogrAphy 
Assessment of the severity of mitral regurgitation by 2-D echo can be challenging, particularly with eccentric jets. 3-D colour Doppler allows better visualisation of the origin, size and shape of jets. (15, 16) The vena contracta and proximal isovelocity surface area (PISA) methods are other common methods used to quantify severity of mitral regurgitation, the latter also allowing calculation of effective regurgitant orifice area and regurgitant volume. (17) The conventional PISA method assumes a hemispheric shape of the isovelocity surface, which very often is not the case. 3-D methods allow assessment of the true shape of proximal flow convergence region and also permit more accurate measurement of the PISA and vena contracta. (18, 19) In clinical practice 3-D used as part of the initial TTE study could largely replace the need for initial 2-D TOE as this allows more confident assessment of leaflet morphology, and hence the likelihood of successful repair and timing of intervention. Once the decision for surgery is made a TOE with 3-D imaging could be 
mItrAl stenosIs
The commonest cause for mitral stenosis is rheumatic heart disease. Stenosis severity is quantified in terms of mean transmitral gradient and mitral orifice area. (22) Methods that calculate 
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planimetry can be applied to aortic stenosis, (34) the role of such measurements are limited and are not recommended except where Doppler methods are unavailable. (22) In one TOE study the aortic valve, was optimally visualised in only 18% of subjects as compared to >90% for the mitral valve. (35) However, the majority were normal aortic valves with thin pliable leaflets. Acoustic shadowing can limit the 3-D anatomic assessment of aortic stenosis.
Although one study has shown that the severity of aortic regurgitation can be accurately quantified by measuring the vena contracta area using 3-D echo (rather than width as in 2 
rIght-sIded vAlve dIseAse
It seems intuitive that the 3-D techniques described above in relation to the mitral and aortic valves would also be well suited to assessment of the right sided heart valves. However currently there are only a few reports in the literature so far regarding the use of 3-D techniques in assessment of tricuspid valve disease. (38, 39) 
FInAl comments
Traditional 2-D imaging emphasises acquiring specific on-axis views to produce standardised images, as chamber measurements made in these views are prognostic markers in many disease states. 
